Abstract: Environmental and Biological Monitoring in a Lead
Lead is well recognized as an environmental and occupational pollutant 1, 2) . The primary routes of lead exposure are ingestion and inhalation 3) and adults are primarily exposed to it through their occupation 4) . In the industrial environment lead is released as particulates and enters the human body through inhalation. The characteristics of the particulates, i.e., their shape, size and solubility are significant determinants of absorption of lead into the body. Industrial expansion in particular that of motor vehicles has contributed to an increase in the usage of lead as a component of the lead acid storage battery. The workers engaged in such lead acid battery manufacturing occupations are exposed to various physical and chemical pollutants.
Material and Methods
A study comprising environmental and biological monitoring was undertaken in one of the lead acid battery manufacturing units situated near Bangalore city, southern India, to ascertain the concentration of lead pollutants in various sections. The enterprise had approximately 580 workers. The management requested us to conduct an environmental and biological assessment in the selected population of their unit. The different sections investigated were the oxide mill, grid casting, pasting, plate buffing, plate cutting, formation and assembly sections.
Environmental Study
Respirable Particulate Matter (RPM) Monitoring: The RPM was sampled in the breathing zone of the workers by employing personal samplers (Envirotech APM 800 and Air Check Sampler Model 224-PCXR8 of M/s. SKC Inc., USA). The air sampling device was tucked on to the waist of the employee and was on continuously all through the course of work and rest operations during the entire shift work, a period of 8 h. The air-filtering cone was fixed to the collar of each employee during sampling. The particulate collecting media used was Millipore glass fibre filters with a diameter of 25 mm and a pore size of 0.8 microns. After the collection, filters were processed and concentrations of particulates were obtained by the gravimetric method.
Air-Lead Estimation: The lead content in the RPM samples was subjected to wet acid mixture digestion (9:1 mixture of concentrated analytical grade nitric acid and perchloric acid) on a slow heating hot plate. The digested matter was filtered, made up to 10 ml using quartz double distilled water. Precautions were taken to prevent extraneous contamination by using thoroughly cleaned, de-leaded Borosil glassware. The final analysis for lead estimation was performed by flame atomic absorption spectrophotometry (Perkin Elmer AAS, Model 3110).
Biological Monitoring
Blood Lead Estimation: The employees were informed
Field Study
about the objectives of the study and their consent was obtained for participation in this study. The cubital whole blood samples (5 ml) were drawn through heparinised vacutainers from the employees. The collection spot was cleaned with detergent, and wiped and dried by isopropyl alcohol before venipuncture. The blood samples were transported to the laboratory for preservation in cold chain until used for wet acid mixture digestion. The samples were subjected to slow wet acid-mixture digestion in the laboratory. All the quartz glass wares used were de-leaded and rinsed with double distilled water. The digested samples were made up to 10 ml and the lead content was e s t i m a t e d b y t h e f l a m e a t o m i c a b s o r p t i o n spectrophotometry (Perkin Elmer AAS, Model 3110).
Results and Discussion

Environmental Monitoring
In the present study, personal monitoring of the RPM was carried out which would reflect the exposure of the worker in the working environment in different sections of the factory. The RPM represents the suspended particulates in the medium of air in work environment, which enter through inhalation into the respiratory system. The RPM concentrations noted in the different sections are presented in Table 1 .
Buffing and Plate Cutting Sections: In this section automatic machines are used for plate cutting (plates are cast from lead alloy on which lead oxide is pasted in plating section) and the machine cuts about 20-25 plates in 10 s. After plate cutting, filing of plates is performed manually using hand files to smooth the surface. Metallic particulate dust was visibly seen during filing and tapping operations on the plates and it gets airborne. The buffing operation involves machines rotating at high speeds and owing to the abrasion of these rotating wheels on the lead plates, a substantial amount of fine particulates get airborne in this section.
It can be observed in Table 1 that the respirable dust concentration was high in the buffing and plate cutting sections of the factory, compared with the other sections monitored. A maximum level of 6.08 mg/m 3 was noted at the buffing section and an average concentration of (4.32 mg/m 3 ) was noted. The air lead concentration in the buffing section was also the highest observed (mean of 1444.45 µg/m 3 ). Another notable point was the nature of the particulates encountered in this section which were rich in lead content (34.62%). Although an exhaust facility is present, a lot of particulate pollution was observed in this area during its operation.
Pasting Section: In this section on four occasions (covering 4 different work shifts) personal air monitoring for RPM was conducted; two times on employees engaged in charging and two times on employees engaged in pasting. The individual air lead concentrations of the four RPM samples collected exceeded the TLV of 50 µg/m 3 5) the charging area and in the plate pasting area. The results indicate that the air lead levels were high in the charging area of the pasting section. The fine particulates get airborne and tend to remain in this area for long periods.
Grid Casting Section: In the grid casting area a low level of average air lead concentration (11.04 µg/m 3 ) was recorded, which points out that the air drawing-off efficiency in this place was effective, even though molten lead is handled in this area. This is in agreement with the finding that the lead proportion in the RPM evaluated here was only 1.34%, which indicates that the nature of . The lead content in the RPM noted here was 16.04%, which is relatively low compared to the proportion of lead noted in some other sections monitored except in the grid casting and administration sections.
Oxide Mill: The mean RPM concentration (0.291 mg/ m 3 ) in the oxide mill was low when compared to other sections of the factory where lead was handled in the process operations. However an air lead concentration of 63.40 µg/m 3 was measured in this section and the particulate matter lead content in this section was 24.74%, almost the same as that of other sections such as plate cutting, pasting etc.
Administration: In this section, which was considered as the control section, the RPM concentration was minimal. Since the work involved here was of an administrative type there is no possibility of dust generation. The dust collected here gets into the air because of the physical movement of personnel from one place to the other and other technical personnel visiting this place during their shift.
Biological Monitoring
Blood Lead Estimation: The direct measurement of the lead level in the whole blood is a widely used and reliable method of detecting and diagnosing lead poisoning 6) . The American Conference of Governmental Industrial Hygienists (ACGIH) has listed the Biological Exposure Index for blood lead as 30 µg/dl 5) . In the present study, flame the atomic absorption spectrophotometry (AAS) method of lead estimation in acid digested whole blood samples was used. The mean blood lead levels of employees according to the different sections are arranged in decreasing levels and presented in Table 2 . It can be observed that the majority of the employees are engaged in the assembly section of the factory.
As seen in Table 2 , in the plate buffing, plate cutting and assembly sections, the employees' mean blood lead level was above the BEI limit of 30 µg/dl as suggested by ACGIH 5) . The mean blood lead levels are significantly higher (p<0.05) in the buffing, cutting and assembly sections compared to the administration section. The study conducted by Krishnamurthy et al. 7) in 1988 at a similar factory showed that the blood lead levels in the workers engaged in the oxide mill, assembly, casting and formation sections were 56.56, 60.95, 59.28, 64.89 µg/dl respectively. In the present study the blood lead levels were 29.73, 32.92, 28.17, 27.10 µg/dl respectively. Table  3 depicts the number of employees showing blood lead levels above 30 µg/dl according to different sections of the factory. Among the plate buffing workers, 88.23% of employees had blood lead levels of more than 30 µg/ dl. In the plate cutting and assembly sections 57.14% and 53.57% workers, respectively, showed values higher than the prescribed blood lead levels. In the oxide mill and formation sections this percentage was 33.33%.
The sections in which the lead is handled directly in the production process were grouped as the Production Group. The formation section does not strictly come under this category, however, since lead bars are soldered to connect the batteries to be charged during the formation process, it was included in the production group. In the sections included in the Non-production Group, the lead is not directly handled. As can be seen from Table 3 , irrespective of the sections, 96 employees (45.90%) out of 209 had blood lead levels exceeding 30 µg/dl. In the Production 8) among 166 battery manufacturing workers showed 40% of them had blood lead levels above 40 µg/dl. Another study conducted among 70 workers in the same occupation showed more than half of the workers had blood lead levels over 35 µg/ dl and 10% had levels above 60 µg/dl 9) . In conclusion, our study has revealed that in some sections of the factory the atmosphere contained high lead content and some employees had elevated blood lead levels. Hence the following suggestions are made to control lead exposure. In order to reduce the number of airborne particulates where the environmental (air-lead) lead levels were high, an additional local exhaust system should be provided. Besides these engineering measures, the workers should be made to wear respiratory dust masks during their work. All the personnel who showed blood lead levels exceeding 30 µg/dl should be closely followed-up for lead toxicity. All these employees should be monitored at regular intervals for their blood lead levels and if possible, to minimize the environmental lead exposure, job rotation among these employees should be considered. In addition, education of workers to improve their hygiene behaviour may be needed because eating during working hours increases their blood lead levels 10) . Moreover inadequate hand and face washing and unrestricted smoking at the workplace may result in sub clinical lead poisoning 11) .
